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ABSTRACT 

PURPOSE: To obtain a heterojunction bipolar transistor excellent in high 
frequency characteristics and can be fabricated easily by delimiting 
an emitter region in a direction other than a specific direction thereby 
ensuring electric isolation of emitter/base even if the selective 
etching time of emitter layer using a solution is shortened. 
CONSTITUTION: At least a collector region 3, a base region 4, and an 
emitter region 5 made of a material having band gap larger than that 
of the base region 4 are formed on a semiconductor substrate 1 having 
a (100) faces as a major surface. In such mesa type hetero junction bipolar 
transistor, the emitter region 5 is delimited in a direction other than 
the direction in parallel with {9146/28}01-1 ) face. For example, an 
emitter region 7 is delimited in the direction in peurallel with any one 
of {9146/28)011) , {9146/28)010) or {9146/28)001) face on the (100) face. 
Subsequently, an InGaAs emitter contact layer 6 and an InP emitter layer 
5 are etched using the emitter electrode as a mask. 
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[iS^l] (100) M*±M^-r-5^i^^a^fc, 

(1) it^m^mLt\zm^vr^=t\^i7i^m±iz^-- 

(2) ms^\<D^m¥m±\z. ji^yd^mt.f3i^m2<D 

(3) ±?s^2(D^¥mm±\z. ±x<DTm toii]^^ 

(4) ±M-^7.i7U^^:^i7 t-X^x. l^m>Scm^\z 

(5) ±ss^izmmi^^msrr^^inzj:^x^-:^m 

[0 0 0 1] 

h^>5>X:$'(OT. HBT tlB§$4rr-S)Rt^^cDSBt*^ 

t^m«fcot/jN$<. Mmmmizm.rirc hbt jSLt^^ois 

[0 0 0 2] 

[Wk<DWm HBT tJ, X5iyiS'g<hU-C'^-XSJ;»3 
t)A*> \^^yyy<D:k^^^^¥mmm^m^^^^t:\Z^ 
t5T> '<-X^CD:^«&«S&]«<UTt)X5yi5'^ 

>z^7.3^<Dimmftizmn^0'< ofiMs^bTViSo 

{t'&^»¥^€rffll/i'5 HBT -«fC. (100) B£3E 

mmt.-r^^¥m^mmi\zmm(oi¥^m^x.\f^^iy 
T, x5'y^B> ^-7.m^ =iui7^m'tn'eniz^- 

^y^=l>^^ hSrt-^TJ^Bg^n-S. tj^lW) HBT \Z 
a^^Xit. m4iZ^-t.k^\Z. (100) ®±T?X5«y^® 
ig^^^-5:)?fpI<hLT. [Oil] [Oil] (MJgfgt® 
^\zi5^^x. M<DtmiMvp.)<D^o\z7>y-^^ 
><D«^<hL;to £(.Trail)tc:qzff;5::^)5^e.nTti 

^ Mt. (100) ffi^&±^®t-r-5¥^s«*ffl('^ 
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(ri (Oil) mrf3it>*> [Oil] lC¥ff;S:^d^^tlT*5 
[0 0 0 3] 

[^Wdi/^Ucfcot-r-i.^] (100) ®±-CX5y^ 
t<D||*30lCi5(.iTii^-r-5o HBT -S^tUt^lt 

~^i:.immzm^:L-\^)vyTv^> HBT «jgt-e© 

SifmtlxT, «fII¥5 - 136159^S:fefi lEICE Trans. 
Electroa Vol. E76 - C W- 1392 - 1401 \Z7n^nx^^^ 
^^\Z. X5«y5'S8gSr^UT}^figU ^®X5>>^ 

mes^vxi^ <fc vx. ^—7.m\znL'Xx.^ y^^m^m 

miyxm^m-mmriz7>y~tiyh^j^^iyrz.m.. x 
jff ^y^/.^)r^'^tsmiiz^-7.mm^ms^^:mi:m 

-So 

[0 0 0 4] Ud^UTfeO^e, i:iCD HBT fCiJt^iT, [Oil] 

Rt^[oii] \zmfu-^rznxr.^ -y ^^s^sttsot? 

x>> hX-y5^>^;<-ti-SrJ^fi£r-5S^®^ii-J^t4. 

[Oil] :m6iiciaofc»fErrjft*D^ (on) mx^^trf 

(mim^^-^<Dim:rfs.i:>%i^^'^mzfs.^(0\zi^ L 

T, [Oil] -^\zr^-Drd)mrfs.ty^ (oid m-c^-s. 

*^t>> 2aiXy5=->i^C<k^TiaWffi]®Xy5^>ydtii| 
'<->^S;5t^ajU/t^(i [Oil] ■:fm\Z^'DX(D'& 

^-7Mmm(D^^3L^y^:^^^tmmzm 

;^«^d^X5 >y ^83513^ < ^—7s 
MJIXS >y rJ'^fciM Ufc«^{rfi. X5 y X 

^— xm@<*:X5-yiS'm®<i:*i^UT 
[0 0 0 5] z.(D^^ts.im.^\^^tzj^\z. 

:rr-5 H^'fX.y5^>if<ti^'>x .y hXy5^>^^i:Sr 

50 mM;m?>%ty^x. (Oil) ®»fffi-c.^Tfe«g*{c:7>^ 
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y^>imm^-^< LT7>y-*y b«Sr^<-r-5jK'' 
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#^J^fiEt--5njg, (4) ±fiEv;^i'M^-77.i'<i:LxT, 

i^^<^S:^«H4StCck 0 tccfc Tx 
ftcD»5:-5x y ^>yfe^&ffi(.iT. ±SSM 2 o^mS 

n^, (5) ±8^«{c^m4*^*58^sc:tlc:J;t5T'>< 

[0 0 0 9] :^%m\Z^^ HBT ©ifiF^fa, X5yiS'^ 

**fi*ncfi, ±smA\z^'tmi^(m.(D^^u^ 

ttc:<J;S'bOT».5*i, X^y^'Sr^jrr-S (100) ® 
±0:3^«hUT. '^i .y hX.y5^>i7^3j;5|lS;^1h5tttl 

mrr^ [Oil] ©:^rini*^u;tc:<i:Jc*s. 
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ffiHiUTM/il^, xa->^/'<-7.i^$«5^-5® 
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[0 0 11] X5y^M<£^U-CJ^^U -e®X5 

y5^>^5^srmi. nn\zm^\zyy^—tsvY^yiSiM^ 
:mtm&<D HBT ^fg^siSffl-rsiitfc: 
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[||SS0!I] £i,T> ^^m<D HBT Rt^^^SBfej^ldO 
[0 0 13] 

i^mii :^mmiz^^ hbt ox^y^^aiio-^ 
^miiz^-To i^^(DmmBt. M^i:^.. doo) 

^®<fc-r-S¥«6iiH4 InP mLl±\Z. MBE feSt^iJi MO 

SrJ^fieT'S/SisexDnSt^i^SrSiSSfC-^t^ InGaAs 

iiJfiiKl^ }*— ^''U/it.i InGaAs 3, p 

Wfms&mm&iZ'^tS InGaAs *^^;a:S'^-X«4, 

nM^iKl*-^0 InP d^e)^SX5-yiS'«5. x^y 

SfCl-g-O InGaAs;&ie);^-5X5 •>^'n>^i' hS6 SrX 
tfa'=^^->^;H«*$-S:fct>0-e*-5 (0 2 ©(2)). 
[0 0 14] :^fC, X5 >>:5'fi®7 (Ti/Pt/Au 
J-^ *&.5t.ifi ^Ki)<£:<J y h:i-yf3iil(Dyfmz^-oTm^ 
.5(ia2«)(3))di> ClOi:^, X^-yiS^mSO^fi, 
(100)®±lC:;fe^iT [Oil], [010], [001] (Dmi/!l^\ZW- 

0, X5y:^^ffi7S:V>^i?tUT In&As X.^y^U 

vm^ms- inpxay^gs©— BP®xy5^>^^ 
Srfr^o z.(DY=7^y-v=f-y^\tmmzr.y=f-z^^ifi 
jfy^ +>--f HXy5^>:^iA6;a:<^io ±IBt«7<x-y5^ 
>i^c:jBg(.iT, «flA.filiiSK, ji^t*5g, *©Jl^lSfc: 
J;-5X->5^>y5:ffi'i, X5-y5'flffi7<DT® InGaAs 
X5y^Zi>iS^i? hB6<DlJ--r KX-y5^>yS:fT'5o CI 
Ot^, InP X5<>iS'«5{3:X«y5^>;5^$tua:^io ^© 
^, ifi®<i:7K®?l-&?SfCj;0 InP XSy^'^SSrXy 
5^>^!/UT, InGaAs ;3^«4 ^^ffl^^lJ-S, dOX 
y5=->i^f3:, InGaAs :xus^y^-ny9^Vm^'BijS In 
GaAs XH4(jx->5^>i^$ti;a:t/i<, Z.(i>:^y=f-y 
i^3:'^->^S4dJSItHSnntf-hJ)-T*«9, jK^fiUiir 

s<ff5jeMin;^ii(02c7)(4))o *«>t/ia, inP xs 
y^m^-b'^mmzn-D-zy.^-z^^ ^rif}^^\z^itx 
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[0 0 15] Cl©;^l?tt^-X«fil«HX5y^«eK 

7 <D±\zt>Wim^n^i^. (Oil) mvMJixmr^it^ 

(Oil) ®l?.lJ^^T(S)il>ctl-4^f3;5:SO 

mTomtvx [Oil] (c:¥fT;5::mRifa^<. ^©f^ 
iUT [010] Rt; [ooi]{3^^^-c^$nT<.i 

-So [001] ^rdit [010] lC«}^T©Xy5^>i?1i[100] 
{c:»t>TCDXy5^>yi:(ai;ic:j$<jfefF^-5;fe«>. x 
^y^wmom^cD^m^^ [010] [001] 

o>imfiz^K)3:^yi^/^-7,^t^mtii-r^j^n^ 12 
ttx5y:5'M7®F»gfillJc:^'rSo «eoT, (Oil) ® 

[0016] ^ 

[IUS^J2] HBT <Z)X5 yiS'O^ffi^jS 

0Ul©«^i:fi{S|^T*-5d^ :^mm(Dm^. X5 
y^'«®a> (100) ffi±{C*t,iT, [010] \ZWnf3:2'D 
(DMii [001] tc¥fT?5:2O<Z)S05^5>.T^$n-5o C 
0!)«^lC«. xs^y^^^-ti-ti, SltlrUd^fe^§^ji^X 
y5=->;^;5^jSfT-r-5 (010) ®, (010) ®. (001) MS. 

(010) <Di^-T?ffl*n-5fc«e>, ±^Mic*3feo«offlK4 

[0 0 17] 7a:*3, ±iB2 0CD^M(C*5ViTfi. i^^ SO 
CDM<ijitC-:5</iT. InP/Iri^aAs ^tC^Jlt-SSfeSsf^W 

fsmk\z-::>\4yx:mmvrd!ii. :^m\t.z.n^\z^^n 

■5=b©l?(ii5:<, :$^>'';i/'\7^a^(D HBT ^ AlGaAs/G 
aAs ?S^cDfl6cD**5^?S«) HBT(cMffi-e€rSC<i:(3a-'2>S 

^r^fCJ^lRbT, -enSrV;^^'tUT^lCJ;-5Xty5^ 
>i^S:ffp^®M<&a^bfcA^> X5-;/^ptlJ-Xy5^> 
i^c!)-SP*;t«^fc:^lCcJ;-5x>y^>^<&ff5D3 
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[Mmomm ethi^'^r^^sict^tc, hbt Rx^<Dm 
m^^:$mmm^<D hbt Rt^oisBt^fet-r-sci 

5 y^mo)mmtZ^^mi:i^y^>'^^^m< UTfc 

§ HBT ig(XPt<omt^=s:mm-^^it. m-^-c. m 
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m^-^> X5 y ^'/^-XPa®SH*«S!»^;a:< . 
li5Mgc4^lc:^n/S: HBT»LC^t«^Bi;5fe*iSetr-&Jl 

[0 0 19] •rys.t>^. ^mm\z^tui. doo) 
^<i:-r-5^H««i®R±ic*5ViTx^ y^^^^jrrs:^ 

|pI<hbTWi^-yT55^'5 [oil] {c¥ff;5:*lSlSr^;t;5: 
CiCDT. ?ISiSJCJ:-5X5yi5';<1^-x>y5^>if<D(gW)VX 
i7^©::>i:^$fclt--<.TX5 >>iS'7^-y-c»:^^S(i'^fc:/jN$ 
<^-5. ^W^f. JL^y^m<Dm^:^<0:yLy^> 

^ammt. •^7.^mzi!i\^-zmz^^(D7>'^~tiy 
vffimm.-^n^. set?T. x5>>^^+>-xy5^>y©-7 

y^i^^t lxTX5 y ^J'MSrffil'iTX^ y :5';>t-y-Xy5^ 
>i^OD^> X5!y4^;>C1i-Sr^tJ^K:'><-:^«ffi<&3K^ 

[0 0 2 0] $ X5 <y^m®fc:*ft" ■SXS y^fM 
(D7y^-t} y hm^^mz±^ < 't^&^iflW^^<D 

x5 y iS'/'^-x^ffi«[K*#-r«'>?-;^^<?:^-;^/ 

-mmm\iizm.ntz hbt srtiet-r-s^t^^-e^'So 
[0®offi^iJi^] 

[0 1 ] 1 HBT ©X5 y^mP^—:^ 

\zmmt^mm&^^tw-wMBammmo 

[0 2 ] 1 09 HBT OSji3JeSr^"rn^0<. 

[ia 3 ] 2 CD2tc5l^ HBT ®X5 

\zmm-^msmm:mrwmm]kxs^mm. 

[04] ti!5f5g^fCj:-5 HBT OX5 
1 " iNSRti IriP(100)SK, 2 - n* - InGaAsnW'^:5' 

n 3 - • n m^i^^mi^i£.rd,^ymm^ 

Y—'/VtSJ^^ InGaAs nUi'^J'g. 4 - p* - InGaAs is^ 
^fS.^^—7.m. 5 -n -InP d^e>;feSX5'yi$'S, 6 
• n* - InGaAs i)^<hfS-^x.^y^:n>^i; VM^ 7 - x 
5->^«M> 8 9. 10 •••X5->'^m®® 

[010] ■:mpiomii [001] :^®a<»i(D 

11, 12 •••9tlOSrM.SqiDK®Tlr*5lt'5X5-y^' 

InP(lOO) m&L^ 32- -n* - InGaAs a U-i75'3>:5'i^ h 

l/i InGaAs nU'i^^^, 34 - p* - InGaAs ii^^fSi^^— 
XH, 35- n - InP d^e^S-SX? 36 - n* - InG 

aAs ti^ibfS.^X.^y^n>^i7hm^ 37 - X5y^'« 
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